Abstract -This study describes the current status of the small fish community in Niushan Lake in China, and examines the spatial and seasonal variations of the community in relation to key environmental factors. Based on macrophyte cover conditions, the lake was divided into three major habitat types: (1) Potamogeton maackianus habitat, (2) Potamogeton maackianus and Myriophyllum spicatum habitat, and (3) uncovered or less-covered habitat. Fish were sampled quantitatively in the three habitat types by block nets seasonally from September 2002 to August 2003. A total of 10 469 individuals from 27 fish species were caught, among which 20 species were considered as small fishes. Rhodeus ocellatus, Paracheilognathus imberbis, Pseudorasbora parva, Micropercops swinhonis and Cultrichthys erythropterus were recognized as dominant small fishes according to their abundance and occurrence. It was noted that (1) small fishes predominated the total number of fish species in the lake, which reflected to some degree the size diminution phenomenon of fish resources; (2) many small fishes had plant detritus as their food item, which was consistent with the abundance of macrophyte detritus in the lake and implied the importance of detritus in supporting small fish secondary production. Canonical correspondence analysis suggested that the spatial distributions of most small fishes were associated with complex macrophyte cover conditions. Macrophyte biomass was positively correlated with species richness, diversity index and the catch per unit of effort (CPUE) of the fish community. Water depth had no significant effects on species diversity and distribution of the small fishes. Correspondence analysis revealed a higher occurrence of the small fishes and higher abundance of individuals in summer and autumn. Seasonal length-frequency distributions of several species indicated that more larval and juvenile individuals appeared in spring and summer. This study provides some baseline information which will be essential to long-term monitoring of small fish communities in the Yangtze lakes.
Introduction
There are numerous freshwater lakes distributed along the middle and lower reaches of the Yangtze (Changjiang) River, which cumulatively represent about 30% of the total lake area in China (Liu and He 1992) . These temperate Yangtze lakes were formed by flooding of the river in the Late Tertiary, and historically were interconnected with the main river or its branches forming a unique potamo-lacustrine ecosystem complex (Xie and Chen 1996) . These lakes are generally shallow (without thermal stratification), and usually have high productivity, abundant vegetation cover and a diverse community of freshwater fishes (40-70 species or even more in some lakes) (Liu 1984; Xie and Chen 1996) . Among these freshwater fishes, only the species with high economic value have received research attention with extensive ecological studies taking place in the Yangtze region from the late 1950's (e.g. Jiang 1959; Du 1962; Wu et al. 1963; Anonymous 1976b; Zhu et al. 1976; Xiao and Wang 1988; Liu and He 1992; Zhang et al. 1998a; Tan et al. 2002) . In contrast, the small fishes (or forage fishes) which have short life histories and small maximum sizes have received much less attention due to their relatively low commercial importance in the lake fisheries. Consequently, the existing studies concerning the small fishes in the Yangtze lakes are centered chiefly on taxonomy (Zhu 1995) and reproduction, feeding habit, age and growth of a few species (Chen 1959; Hao 1960; Shao and Yi 1991; Yu 1991; Zhang et al. 1998b,c,d; Bian 1999; Xie et al. 2000c ). Very few studies have so far been conducted at the community level. In particular, there is little information on the community structure and its relationship to habitat conditions (Xie et al. 2000b; .
In recent years, there has been a shift in the stocking in the Yangtze lakes from common carps to piscivorous fishes (Xie et al. 2000a; Li and Cui 2005) , and a trend away from traditional management of fisheries resources towards ecosystembased management of inland waters (FAO 2003) . Consequently, more research is necessary on the composition and abundance of the small fishes in the lakes, and how the community structures vary over space and time, which also has long been a fundamental interest of aquatic ecologists (e.g. Werner et al. 1977; Tonn and Magnuson 1982; Pierce et al. 1994; Rosenzweig 1995; Rotherham and West 2002) .
In this study, we describe the community structure of small fishes in Niushan Lake caught using block nets seasonally between 2002 and 2003. Our main purposes were to:
(1) provide a whole-lake estimate for species composition, abundance and occurrence of small fishes in shallow vegetated habitats, (2) describe spatial and seasonal distributions of the small fishes in the lake, and potential differences in spatial and trophic resource utilization, and (3) provide baseline information prerequisite to long-term monitoring of small fish communities in the Yangtze lakes.
Materials and methods

Study area and habitat characteristics
Niushan Lake (30
• 16-22 N, 114
• 27-38 E), is a 38 km 2 shallow lake located on the south bank of the middle reach of the Yangtze River, within Hubei Province, Central China ( Fig. 1 ). This lake was originally one part of a larger lake, Liangzi Lake, which is connected with the Yangtze River by a channel. Niushan Lake has been separated from Liangzi Lake by a dyke since 1978. The dyke is kept closed in most time of each year (usually from March to October), to prevent the flooding of the Yangtze River into the lake. Morphometric parameters and physicochemical parameters of the lake are given in Table 1 . Mean water depth ranges between 2.0 m and 3.5 m, with a maximum depth of 5.0 m (Guan et al. 2005) . Summer water temperatures peak in July or August at around 35-37
• C with no thermal stratification, and winter water temperatures dip to 3-5
• C in December or January with no freezing. Most of the shoreline is surrounded by villages and land use in the drainage basin is primarily agricultural.
Niushan Lake was heavily covered with submerged aquatic macrophytes. Before fish sampling, we investigated the composition and distribution of macrophytes in July 2002. The results showed that: (1) Potamogeton maackianus was the most dominant macrophyte in the lake, covering about 75% of the lake sediment surface, (2) Myriophyllum spicatum was the secondly most dominant macrophyte, covering about 55% of the lake sediment surface, and (3) other species such as Vallisneria spiralis, Najas marina, Ceratophyllum demersum and Potamogeton malainus occurred only occasionally and their individual coverage was all less than 5%. Based on the cover condition of the dominant macrophytes, we divided the lake into three major habitat types (coded as H1, H2 and H3 respectively) whose descriptive characteristics and distribution are shown in Table 2 and Fig. 1. Table 2 for H1, H2 and H3. Ye et al.: Aquat. Living Resour. 19, 349-359 (2006) season, for a total of 24 samples on 24 sampling sites throughout the study. The block nets consisted of a wall of enclosure net (60 m length, 15 mm stretched mesh size) with stones on the bottom side and with floats on the top side. At each sampling site, one block net was deployed at dusk to enclose a defined water area shaped approximately like an equilateral hexagon. The six angles were fixed with bamboo poles, leaving two 3 m openings on opposite sides of the enclosure. Twenty-four hours later, the two openings were simultaneously closed. Attention was paid to minimize disturbance to the enclosed areas. Two hoop nets connected with the block net were then used to collect the enclosed fishes during the next five days. No habitat modification, such as disturbance to macrophyte cover, occurred during the sampling.
Fish sampling
• C) 19.0 Mg 2+ (mg L −1 ) 6 . 4 3 ± 0.40 Water depth (m) 2.5 ± 0.1 TN-N (mg L −1 ) 0.698 ± 0.020 Secchi depth (cm) 191 ± 17 TP-P (mg L −1 ) 0.026 ± 0.001
Data collection and treatment
The collected fish were identified, counted, and measured (total length to 1 mm). Submerged macrophyte composition, macrophyte biomass, and water depth were also recorded at each sampling site.
We first constructed a rank-abundance plot to display species abundance data (Magurran 2004) , and grouped all the fish species according to their relative abundance (% of total catch) and occurrence frequency. We then classified the species into different trophic guilds based on their main food items (Anonymous 1976a; Zhang 2005) , and calculated the proportions of these trophic guilds in total species number and total catch respectively.
Second, we conducted repeated-measures analysis of variance (RM ANOVA) followed by Duncan's multiple comparison test to look for significant differences among the habitat types in the following community indexes: (1) species richness, (2) Shannon-Weiner diversity index, and (3) total CPUE (total catch per sample) of all species. Correlation analysis was run and Pearson r-values were calculated to investigate how these community indexes were correlated with macrophyte biomass and water depth.
Third, we used canonical correspondence analysis (CCA) (Ter Braak 1986) to associate the spatial distribution of fishes with habitat conditions (first with the three habitat types, and then with macrophyte biomass and water depth). CCA is a direct gradient analysis that simultaneously relates two multivariate data sets and is commonly used to quantify the relationship between species and environmental variables. The advantages of CCA for ecological studies of communities were reviewed by Palmer (1993) . On the other hand, we employed correspondence analysis (CA) to visualize seasonal distribution of the fish community. CA is a type of ordination that calculates site and species "scores" based on reciprocal averaging. It provides a method for representing data in a euclidean space so that the results can be visually examined for structure (Manly 1994) .
Statistical analyses were carried out under the version 2.0.1 of R (Ihaka and Gentleman 1996) . For the CCA and the CA, the values of fish abundance, macrophyte biomass and depth at each sampling site were log (x + 1) transformed to stabilize variances.
Fig. 2.
Rank-abundance (total number of individuals sampled) and occurrence (number of the samples in which the species was present) of the 27 fish species caught in Niushan Lake throughout the study. Species abundance represented in log scale to avoid undue influence of the most abundant species on the figure. See Table 3 for species codes.
Results
Abundance and occurrence
A total of 10 469 individuals from 27 fish species (listed in Table 3 ) was caught throughout the study. Species rankabundance and occurrence diagram ( Fig. 2 ) displayed that the 27 species were classified into three groups, according to their relative abundance and occurrence frequency (Table 3) : Dominant species included Rhodeus ocellatus, Paracheilognathus imberbis, Pseudorasbora parva, Micropercops swinhonis, and Cultrichthys erythropterus. These five species were characterized by high relative abundance (all above 5% of the total 10 469 individuals) and high occurrence frequency (from 63.0% to 70.4% of the 24 samples). They amounted to 77.7% of the total catch of the sampled individuals.
Frequent species included Rhinogobius giurinus, Toxabramis swinhonis, Acheilognathus macropterus, Abbottina rivularis, Carassius auratus auratus, Hemiculter leucisculus, Sarcocheilichthys nigripinnis, Macrognathus aculeatus, Odontobutis obscura, and Pelteobagrus fulvidraco.
These ten species displayed moderate relative abundance (between 0.5% and 4.6%) but a wide range of occurrence frequency, varying from 37.0% to 77.8%. They amounted to 21.7% of the total catch of individuals.
Rare species included Aristichthys nobilis, Hyporhamphus intermedius, Siniperca chuatsi, Pseudobrama simoni, Megalobrama amblycephala, Channa argus, Macropodus chinenis, Misgurnus anguilliccaudatus, Cyprinus carpio, Ctenopharyngodon idellus, Culter alburnus, and
Xenocypris argentea, with a relative abundance below 0.15% of the total 10 469 individuals and an occurrence frequency below 20%. These 12 species contributed only 0.6% of the total catch of individuals. 
Population composition
The 27 fish species belonged to 10 families, of which Cyprinidae was the predominant family (17 species, 63.0% of the total species number; Table 3 ). Among the 27 species, 20 were considered as small fishes because their first maturity ages are less than two years (Anonymous 1976a ) and maximum sizes are small (<240 mm TL in this study; Table 3 ). Only juveniles of the seven large-bodied fish species C. idellus, C. alburnus, M. amblycephala, A. nobilis, C. carpio, S. chuatsi, and C. argus were caught in the study.
The 27 species ranged from 19 to 239 mm TL (Table 3) . Sixteen species (59.3% of the total species number) were below 100 mm, mean TL, nine species (33.3%) between 100 and 165 mm, and the other two species (7.4%) above 200 mm. In fact, the two species with mean TL above 200 mm both belong to large-bodied fishes and only one juvenile individual of them was caught in the study.
Based on main food items of the 27 fish species, they were classified into five trophic guilds: detritivore, omnivore, carnivore, planktivore, and herbivore (Table 4 ). Figure 3 showed that the trophic guild with the highest proportion in total species number was the omnivore (37.0%, 10 species), followed by the carnivore (29.6%, 8 species) and the detritivore (22.3%, 6 species); the trophic guild with the highest proportion in total catch was the detritivore (61.2%) owing to the abundant detritivorous bitterlings (R. ocellatus, P. imberbis and A. macropterus), followed by the omnivore (19.8%) and the carnivore (18.8%). Detritivorous or partially detritivorous small fishes (e.g. some omnivorous small fishes also have plant detritus as their main food item; Table 4) seemed to have a high proportion in both total species number and total catch in the current Niushan Lake. 354 S. Ye et al.: Aquat. Living Resour. 19, 349-359 (2006) 
Spatial variation
Species richness, Shannon-Weiner diversity index, and total CPUE of all species varied significantly among the three habitat types (H1, H2 and H3) ( Table 5 ). They were always higher in H1 and H2 than in H3 where no macrophyte existed or only a few grew sparsely. H1 and H2 were both macrophytic habitats, dominated by different macrophyte species (Table 2) . Species richness and diversity index were similar between H1 and H2, while total CPUE was higher in H2 than in H1.
The correlation analysis results (Table 5) suggested that species richness and total CPUE were positively correlated with macrophyte biomass significantly; diversity index was also positively correlated with macrophyte biomass but not significantly. Despite water depth was not significantly correlated with species richness, diversity index and total CPUE, it played somewhat negatively effects on species richness and total CPUE, and somewhat positively effects on diversity index.
The 12 rare fish species were not included in the CCA to avoid unduly influencing the analysis (Ter Braak 1986; Pennington 1996) . All the 12 species were caught with very low abundance (≤13 individuals), and the removal of them had no distinct influence on the associations between the rest 15 small fishes and habitat conditions. The CCA on the 15 species to the three habitat types was statistically significant (p = 0.011) and the two axes accounted for 64.8% and 35.2% of the variability in the fish-habitat relationship. The CCA on the 15 species to macrophyte biomass and water depth was also statistically significant (p = 0.024) and the two axes accounted for 59.3% and 40.7% of the variability in the fish-habitat relationship.
The CCA results (Figs. 4a,b) can be used to identify the associations between the 15 small fishes with habitat conditions: (1) C. erythropterus, H. leucisculus, T. swinhonis, M. aculeatus and P. fulvidraco preferred the P. maackianus habitat (H1). The former three species were associated with low macrophyte biomass and little influence of water depth, while the latter two species with high macrophyte biomass and deep water. (2) P. maackianus and M. spicatum (H2), with only a weak influence of water depth on their distributions. (3) M. swinhonis, O. obscura and R. giurinus were restricted to shallow uncovered or less-covered areas (H3). (4) P. parva and C. auratus auratus were abundant in all the three habitat types and showed no spatial pattern of distribution.
Seasonal variation
The CA of the 15 small fish abundances across all the 24 sites (6 sites in each season) visualized seasonal characteristics of the fish community. The CA was statistically significant (p = 0.041) and the first two axes accounted for 68.9% of the variability (44.6% and 24.3% respectively). Distribution of the sampling sites regarding the four seasons on the CA F1 × F2 plane (Fig. 5) indicated that the community structure showed the opposition between summer and autumn (with high temperature), and winter and spring (negative coordinate) with low temperature. On the other hand, it can be inferred from the associations between species and seasonal sites that most of the 15 species were more common during summer and autumn while less during winter and spring. Moreover, we can see the relative stability of the community in summer and spring (small circle) comparing to autumn and especially winter.
Population size structures of six small fish species R. ocellatus, P. imberbis, A. macropterus, P. parva, T. swinhonis and C. erythropterus were measured in the four seasons. All the 356 S. Ye et al.: Aquat. Living Resour. 19, 349-359 (2006) six small fishes are major forages for piscivorous fishes in the lakes within the Yangtze region. There appeared to be a distinct seasonal pattern of increased frequency of larger sizes as the season progressed (Fig. 6) . It was indicated that more larval and juvenile individuals occurred in spring and summer than in autumn and winter.
Discussion
Current status of small fishes in Niushan Lake
The 27 fish species sampled in Niushan Lake are all native and common in the lakes along the middle and lower reaches of the Yangtze River. Twenty of them are small fishes defined as age at first maturity less than two years (Anonymous 1976a ) and a maximum size less than 240 mm. The other seven fish were larger species of which only the juvenile stages were caught using our sampling protocol. Another 8 small fish species and 10 large fish species have been found in Niushan Lake commercial fishery and from other sampling programmes (i.e. electrofishing, gillnetting, and diets of cormorants). Using the combined records, the fish community in Niushan Lake during the study period (2002) (2003) consisted of 45 fish species. Twenty-eight small fish species accounted for over 60% of the total number of species. Similar predominance of small fishes among whole fish communities was also reported in other Yangtze lakes, such as Bao'an Lake (Fang et al. 1995) , Donghu lake (Huang and Xie 1996) , and Honghu Lake (Song et al. 1999 ). This phenomenon has been considered as a kind of indication of size diminution of fish resources in these lakes (Cao et al. 1991; Xie and Chen 1996) . On the other hand, R. ocellatus, P. imberbis, P. parva, M. swinhonis, and C. erythropterus were recognized as the dominant small fishes in Niushan Lake in terms of both abundance and occurrence.
Most of the species caught were detritivorous or partially detritivorous. X. argentea and P. simoni are two typical detritivorous detritus feeders with highly specialized thick lips and long gut for ingesting and digesting plant debris (Zhu 1960) . The bitterlings (A. macropterus, P. imberbis and R. ocellatus) and the crucian carp C. auratus auratus have a relatively generalized feeding habitat. In the shallow macrophytic Yangtze lakes, they commonly feed on low quality food, mainly macrophyte detritus, supplemented by planktonic algae, cladocerans, chironomid larvae and other food items (Chen 1959; Anonymous 1976a; Bian 1999; Zhang 2005) . P. parva, S. nigripinnis, A. rivularis, and M. aculeatus prefer zooplankton and insect larvae, a small quantity of macrophyte detritus also occurs frequently in the contents of their digestive tracts (Anonymous 1976a; Xie et al. 2000c; Zhang 2005) . In Niushan Lake, accumulations of macrophyte detritus are derived mainly from the net primary production of the two dominant submerged macrophytes, P. maackianus and M. spicatum. A layer of macrophyte detritus was commonly found on the sediment. Detritus originating from the macrophytes supports significant portion of small fish biomass. Plant detritus has also been shown to be an important energy source by Catella and Petrere (1996) in the fish community of a Brazil floodplain lake, by Havens et al. (1996) in a subtropical lake ecosystem in USA, and by Liu (2006) in the zoobenthos community of Yangtze lakes.
Spatial and seasonal variations of the small fish community
Aquatic vegetation often plays a significant role in structuring fish communities (Dibble et al. 1996; Xie et al. 2001; Rotherham and West 2002) . The majority of fish species were found under the complex macrophyte cover conditions (i.e. densely-vegetated habitats of coexisting P. maackianus and M. spicatum or P. maackianus). Only a few benthic species M. swinhonis, O. obscura and R. giurinus inhabited uncovered or less-covered areas. These species appeared less dependent on macrophyte cover. Yin (1995) has suggested that these species can reduce their dependence on the macrophytic bottom through color and form adaptations and tend to remain motionless, thereby decreasing encounter rates with predators and making themselves less conspicuous.
The positive association between the distribution of small fishes and the submerged macrophytes is likely due to the benefits offered by the macrophyte cover: (1) Increased foraging opportunities. Although these small fishes do not feed directly on P. maackianus and M. spicatum like herbivorous carps, they are supplied with abundant macroinvertebrate prey (e.g. mollusk and shrimp), periphyton (epiphytic algae), and detritus from the macrophytes (Liu 1999; Bian 1999) . (2) Reduced predation risk. Structural complexity created by P. maackianus and M. spicatum (both with a year-round presence in Niushan Lake) could influence the ability of piscivorous predators to capture the small fishes, in the form of refuge provided by the thick P. maackianus meadow and the long branching stems and feathery leaves of M. spicatum. (3) Spawning sites. Many of the small fishes deposit their adhesive or semi-adhesive eggs on the fine leafy submerged macrophytes, where oxygen content in the water and hydrochemical environment are favorable for the eggs to hatch out (Petr 2000) .
C. erythropterus, H. leucisculu and T. swinhonis are three pelagic species in the lake. Their extension into the coexisting P.maackianus and M. spicatum habitat (H2) was limited, perhaps due to the visual and swimming barriers created by the very long (up to water surface) stems of M. spicatum. The detritivorous bitterlings A. macropterus, R. ocellatus and P. imberbis co-occurred in the H2. Their high spatial overlap implied that the limitation of detritus resources in the lake was rare. Moreover, there is a difference in the timing of reproduction among the three species (Anonymous 1976a) , possibly as a mechanism to reduce potential trophic competition in the critical period (May 1974) following yolk sac absorption. Both P. parva and C. auratus auratus are very adaptable, with high physiological tolerance for environmental disturbance or a wide range of water quality conditions (Zhang 2005 ). They spawn repeatedly over a long period and have a broad dietary spectrum (Chen 1959; Zhang et al. 1998c,d) . These characteristics provide the evidences for their ubiquitous distribution among the three habitat types in the lake.
Water depth was generally an important factor influencing spatial patterns of fish communities in North American and European deep lakes (Keast 1978; Laffaille et al. 2001) . Different from those lakes, water depth had no significant influence on species diversity and distribution of small fishes in Niushan Lake. Generally, habitat factors affected fish habitat choice through physiochemical factors such as temperature, oxygen, and habitat complexity (Tonn and Magnuson 1982; Pierce et al. 1994) . Because of the shallowness of water in Niushan lake, the variations in water depth were relatively small and depth had little effect on the physiochemical factors (Guan et al. 2005) , resulting in the lack of water depth effects.
The structure of the small fish community varied among seasons. Most of the 15 species were more common during summer and autumn than during winter and spring, perhaps due to their reproductive habits, seasonal activity, and overwintering mortality (Yin 1995; Zhang 2005) . The higher abundance of individuals in summer and autumn was also consistent with seasonal dynamics of their food resources such as phytoplankton, zooplankton and zoobenthos (Cuan et al. 2005) . We observed more larval and juvenile individuals in spring or summer from the seasonal length-frequency distributions for several species, which is consistent with their breeding time of these species between April and August in the lake.
Implications for lake fishery management
In the past several decades, fish species of small size have flourished and dominated fish communities in many Yangtze lakes, like the current Niushan Lake, mainly due to habitat fragmentation or modification, reckless overfishing on commercial species, and unchecked elimination of piscivorous species (Cao et al. 1991; Xie and Chen 1996) . These small fishes usually have low market values and potentially compete for resources with other large or medium commercial fishes. Thus, developing methods to utilize the lower quality fish resources as well as to control their abundance within a proper range has become an important objective of the Yangtze lake fishery management. While these small fishes are not targeted directly by the local fishery, they are forages of many native high quality piscivorous fishes such as mandarin fish S. chuatsi 358 S. Ye et al.: Aquat. Living Resour. 19, 349-359 (2006) (Jiang 1959) , Chinese snakehead C. argus (Du 1962) , and topmouth culter C. alburnus (Zhu et al. 1976) . Artificial stocking of the native piscivorous fishes therefore is viewed as a promising strategy for controlling the excess small fish resources in the Yangtze lakes (Xie et al. 2000a; Li and Cui 2005) . Furthermore, studies on North American and European lakes suggested that stocking piscivorous fishes into lakes may improve water quality through the trophic-cascading effects (Carpenter and Kitchell 1988; Van Liere and Gulati 1992) .
An understanding of the food organisms of the piscivorous fishes is important for the successful management of piscivorous fisheries. Most small fishes in the Yangtze lakes spawn between April and August, and more larval and juvenile individuals of several species in our study were observed in spring or summer. The availability of small fish as prey for piscivorous predator can be effected by prey size structure and predator's size-selective feeding (Pierce et al. 2001) . Therefore, we suggested that the favorable seasons for stocking juvenile piscivorous fishes should be late spring or early summer when the small fishes with suitable size are most abundant in the lakes.
The results of the present study suggest that macrophyte cover may play an important role in determining the structure of small fish community, such as species composition, diversity and distribution. Maintenance of macrophyte cover is essential for high diversity and abundance of small fishes, and hence fishery yield of piscivorous fishes. On the other hand, it is also essential to regulate the level of macrophyte abundance, as other studies indicated that dense vegetation could result in low feeding efficiency and poor growth of both small fishes and piscivorous fishes (Colle and Shireman 1980; Miranda and Pugh 1997; Xie et al. 2005) . Further studies are needed in future to investigate the effects of macrophyte cover on predatorprey interactions of fish, and to assess ecosystem consequences of the stocking of piscivorous fishes into the Yangtze lakes.
